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BE IT KNOWN THAT I, KAZUHISA SAKAMOTO, residing at 
c/o ROHM CO., LTD., 21, Saiin Mizosaki-cho, Ukyo-ku, 
Kyoto-shi, Japan, subjects of Japan, have invented 
certain new and useful improvements in 

SEMICONDUCT OR DEVICE HAVTWG MPS FTKTiD— EFFECT 

TRANSISTOR 
of which the following is a specification:- 



SPECIFICATION 



SEMICONDUCTOR DEVICE HAVING MOS FIELD-EFFECT TRANSISTOR 
FIELD OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
device having a MOS field-effect transistor (hereinafter 
abbreviated as MOSFET) such as a vertical-type power MOSFET 
or a double diffusion-type MOSFET. More particularly, the 
present invention relates to such a MOSFET that has a very 
short turn-ON/OFF time and an improved reverse withstanding 
voltage . 

BACKGROUND ART 

[0002] A driver circuit is frequently used which employs 
a vertical-type or double diffusion-type power MOSFET to 
drive an inductive load such as a motor. For example, the 
vertical-type power MOSFET has such a configuration, as 
shown in FIG. 4, that a P-well 21 is formed on the surface 

of an N-type semiconductor layer 2 0 provided on a N + -type 
semiconductor substrate 20a, and at an outer periphery of 

this P-well 21 is formed a ring-shaped N + -type source 
diffusion layer 22. In this configuration, the 

semiconductor layer 20 outside the P-well 21 and the 
semiconductor substrate 20a act as a drain layer 23. 
[0003] The surface region of the P-well 21 between the 
drain layer 23 and the source layer 22 acts as a channel 



region 26, on which is provided a gate electrode 28 with a 
gate insulator film 27 interposed therebetween. At the 

center of the P-well 21 is provided a P + -type region 2 5 for 
ohmic-contact such that a source electrode 33 may be 

connected to this P + -type region 25 and the source region 
22. The drain electrode 24 is provided on the back surface 
of the semiconductor substrate 20a. Thus, the vertical- 
type MOSFET is formed. 

[0004] A PN junction of the P-well 21 and the N-type 

semiconductor layer 20 forms a so-called built-in diode 
(body diode) . This built-in diode is structured so as to 
be connected in the reverse direction between the drain and 
the source and can be used as a flywheel diode for inducing 
a reverse recovery current ascribed to a counter 
electromotive force of an inductive load. 

[0005] The counter electromotive force of the inductive 
load acts to apply a voltage in the forward direction on the 
built-in diode, which is accompanied, as well known, by 
accumulation of minority carrier, that is, electrons in the 
P-well. Thus accumulated minority carrier inhibits rapid 
interruption of the operation of the built-in diode at the 
time of rectification when the current is changed in flow 
direction. Moreover, if the flow of this minority carrier 
is concentrated to part of the device, the PN junction 
portion of the P-well and the drain layer is broken and hence 
the power MOSFET is broken eventually. 

[0006] In view of the above, it is an object of the invention 



to provide a semiconductor device including a MOSFET that 
can solve these technological problems in providing 
high-speed switching operations of a built-in diode and 
improving the breakdown resistance amount (withstanding 
voltage ) . 

DISCLOSURE OF THE INVENTION 

[0007] A semiconductor device including a MOS field-effect 
transistor according to the present invention includes; a 
MOS field-effect transistor; and a diode which is built in 
the transistor and connected between a source electrode and 
a drain electrode thereof so that when a voltage in the 
reverse direction is applied between the source electrode 
and the drain electrode at the time of operation, which forms 
a current path between the source electrode and the drain 
electrode, wherein a contact portion of the diode with the 
source electrode has such a construction that a high- 
impurity concentration region having a second conductivity 
type which is a conductivity type of the source electrode 
side semiconductor layer of the diode, and a region having 
a first conductivity type opposite to the conductivity type 
or a low-impurity concentration region having the second 
conductivity type are formed alternately in a plan 
structure • 

[0008] The "high-impurity concentration" of the high- 

impurity concentration region of the second conductivity 
type means such an impurity concentration as to form an ohmic 



contact with the source electrode. 

[0009] By this construction, if a counter electromotive 
force is generated when an inductive load such as a motor 
connected to a circuit having a device of the present 
invention is turned OFF, a resultant voltage in the reverse 
direction applied between the drain and the source is 
cancelled by the built-in diode, after which the minority 
carrier remaining in the second conductivity type region is 
dropped into the first conductivity type region of the 
contact portion, thus enabling suppressing the accumulation 
of the minority carrier in the second conductivity type 
region. This mechanism enables rapidly not to make a working 
of the built-in diode. Also, since the minority carrier is 
not accumulated, a large current is not concentrated to part 
of the device at the time of rectification, thus enabling 
enhancing the withstanding voltage. 

[0010] Specifically, this effect is remarkable especially 
when the MOS field-effect transistor is a double-diffusion 
type MOS field-effect transistor that has a first 
conductivity type semiconductor layer which provides a drain 
region, second conductivity type regions which are formed 
by diffusion in the first conductivity type semiconductor 
layer, and source regions having a first conductivity type 
formed by diffusion at an outer periphery of each of the 
second conductivity type regions in such a configuration 
that such portions of the second conductivity type regions 
which are positioned between each of the source regions and 



the drain region act as channel regions. 

[0011] More specifically, the source electrode is provided 
so as to be in contact with each of the source regions and 
a surface portion of each of the second conductivity type 
regions opposite to each of the channel regions with respect 
to each of the source regions. Further, the second 
conductivity type regions are formed in a matrix in the first 
conductivity type semiconductor layer, each of the source 
regions is formed in a ring shape on a plan view in each of 
the second conductivity type regions so as to give a constant 
gap at the periphery of each of the second conductivity type 
regions, and also the source electrode is formed at a 
predetermined region of an inner circumference of each of 
the ring-shaped source regions and the entire inner surface 
of each of the second conductivity type regions, thus 
providing a mass-capacity power MOSFET. 

[0012] Specifically, the contact portion has such a 

construction that a contact portion of each of the second 
conductivity type regions with the source electrode has such 
a construction that one or more first conductivity type high 
impurity-concentration regions each of which is ring shape 
on a plan view and one or more second conductivity type high 
impurity-concentration regions are provided alternately or 
that the second conductivity type regions have a low impurity 
concentration; and wherein a contact portion of each of the 
second conductivity type regions with the source electrode 
has such a construction that second conductivity type high 



impurity-concentration regions are evenly spaced in each of 
the second conductivity type regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is an expanded perspective and partial 

cross-sectional view for showing a construction of a MOSFET 
according to one embodiment of the present invention; 
[0014] FIGS. 2A and 2B are a plan view and a cross-sectional 
view respectively , for showing a construction of a contact 
portion with a source electrode which is removed; 
[0015] FIG. 3 is a cross-sectional view for showing another 
example of the construction of the contact portion; and 
[0016] FIG. 4 is a cross-sectional view for showing an 
example of a construction of a prior art vertical-type 
MOSFET. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0017] The following will describe a semiconductor device 
having a MOSFET according to the present invention with 
reference to the drawings. As can be seen from its 
cross-sectional view of one embodiment shown in FIG. 1, in 
a semiconductor device having a MOSFET of the present 
invention, in a surface of the N-type semiconductor layer 
20 is formed a predetermined pattern of a P-wells 21 by 
diffusion. For example, directly below a gate pad 36 to which 
a gate terminal 35 is connected, a large-area P-well 21a 
(P-well below the pad) is formed, and in the remaining region 



is formed an evenly spaced plurality of the P-wells 21 in 
a matrix pattern, and each of P-wells 21 is, for example, 
rectangular in a plan view. 

[0018] At the outer periphery of each of the P-wells 21 

is formed, for example, a rectangular ring-shaped N + -type 
diffused source region 22. The semiconductor layer 20 except 

this P-well 21 and an N + -type semiconductor substrate 20a 
on which this semiconductor layer 20 is grown act as a drain 
region 23, thus providing a vertical-type double-diffusion 

MOSFET. On the back side surface of the N + -type 
semiconductor substrate 2 0a is provided a drain electrode 
24. 

[0019] In the P-well 21, a surface layer portion positioned 
between the drain region 23 and the diffused source region 
22 provides a channel region 26 in which is formed a channel 
50 when the MOSFET is turned ON. Above this channel region 

26 is formed a gate electrode 28 with a gate insulator film 

27 interposed therebetween. The gate electrode 28 directly 
below the gate pad 36 is connected to the gate pad 36 through 
a contact hole 3 0 formed in the insulator film 2 9 on the gate 
electrode 28. The other gate electrodes 28 are connected 
to the gate electrodes 28 directly below the gate pad 36 at 
a position not shown in the figure. 

[0020] In the insulator film 29 are formed, on the surface 
of each P-well 21, a source contact hole 31 for exposing the 
diffused source region 22 provided in this P-well 21 and the 
surface of the P-well 21 surrounded by this diffused source 



region 22. A source electrode 33 formed on the insulator 
film 29 is commonly connected through this source contact 
holes 31 to all of the diffused source region 22 provided 
on the surface of each P-well 21 and the surfaces of portions 
surrounded by the diffused source region 22 in each P-well 
21. 

[0021] This results in such a construction that between 
the source electrode 33 and the drain electrode 24 is 
connected a diode consisting of a PN junction of the P-well 
21 and the N-type semiconductor layer 20 (drain region), 
which diode acts as a built-in diode D that becomes 
conductive when a voltage in the reverse direction to that 
applied when this MOSFET is operated is applied across 
itself. That is, this built-in diode D may be used as a 
flywheel diode for flowing therethrough a reverse recovery 
current ascribed to a reverse electromotive force of an 
inductive load such as a motor when this MOSFET is used to 
drive it. 

[0022] The invention features that a contact portion 40 
of the p-well 21 with the source electrode 33 is not formed 
of a contact region only of a p + -type region but is formed 
in such a configuration that a P+-type region and an N + - 
type region alternate with each other in a plan view. 
[0023] That is, as shown in FIG. 2A illustrating a plan 
view of the contact portion 40 with the source electrode 33 
etc. as removed and FIG. 2B illustrating an expanded 
cross-sectional view of part of FIG. 2A, in the outer surface 



layer of such a region of the P-well 21 that is surrounded 
by the rectangular ring-shaped diffused source region 22 are 

formed concentrically a small-width N + -type (or N-type) 
ring-shaped region 41 and an equivalent ly small-width 

P + -type ring-shaped region 4 2 alternately. These regions 
41 and 42 make up the contact portion 40 and all come in 
contact with the source electrode 33 in an ohmic manner. That 

is, the N + -type region 41 and the P + -type region 42 are 
arrayed alternately in a plan view. 

[0024] In such a configuration, electrons, if any as a 

minority carrier in the P-well 21, fall in the N + -type region 
41 and then can be drawn out to the source electrode 3 3 
rapidly. Thus, it is possible to suppress the accumulation 
of electrons in the P-well 21. 

[0025] When the MOSFET according to this embodiment is 
used to drive an inductive load such as a motor, a turn- 
ON voltage is applied at the gate electrode 28 to form a 
channel 50 (see FIG. 1) to thereby interconnect the source 
region 22 and the drain region 23 therethrough. When the 
MOSFET is ON, it turns out as a voltage in the reverse 
direction is applied on the built-in diode D, which results 
in as the built-in diode D presents no actions. 
[0026] When a turn-OFF voltage is applied at the gate to 
give a non-conductive state between the source and drain 
regions, a reverse electromotive force is applied from the 
inductive load to apply a voltage in the forward direction 
to the built-in diode D, through which in turn a reverse 



recovery current flows , thus canceling the reverse 
electromotive force. In this case, a minority carrier 
(electrons in an example shown in FIG. 1), if left in the 
P-well 21, may retard the operations of the transistor when 
a turn-ON voltage is applied on its gate and so needs to 
disappear rapidly. For this purpose, by the invention, the 
contact portion of the diode D with the source electrode has 

such a construction that the N + -type and P + -type regions 
alternate with each other in the P-well, so that the 

minority-carrier electrons can fall into the N + -type region 
and then be drawn out to the source electrode. 
[0027] Thus, a current can flow immediately when the MOSFET 
is turned ON, so that at the time of commutation (when such 
a situation occurs that a voltage in the reverse direction 
is applied to the built-in diode), the built-in diode D can 
be immediately blocked (turned OFF), thus shortening the 
reverse recovery time (t rr ) significantly. Besides, no 

electrons are accumulated in the P-well 21, so that no large 
current is concentrated during commutation nor is destroyed 
the PN junction of the built-in diode D. These features 
enable manufacturing such a MOSFET that has significantly 
improved breakdown resistance amount as compared to that of 
the prior art construction. 

[0028] Specifically, the reverse recovery time t rr of the 
built-in diode D could be shortened by about 30% and the 
avalanche current (largest current that does not destroy the 
PN junction) of the built-in diode D could be increased by 
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about 2 0%. 

[0029] FIG. 3 is a cross-sectional view for showing another 
configuration example of the contact portion 40 between the 
P-well and the source electrode 33. In FIG. 3, the same 
5 elements as those in FIGS. 1, 2A and 2B are indicated by the 
same reference numerals. In this example, the contact 
portion 40 is comprised of a plurality of evenly spaced 

P + -type regions 42. Therefore, in the construction shown 
by the cross-sectional view of FIG. 3 or a construction of 

10 a plan view not shown (similar to FIG. 2A) , the P + -type region 
42 and the P-well 21 region are formed alternately. This 
P-well 21 has a low impurity concentration and has a Schottky 
junction formed between itself and the source electrode 33. 
[0030] In this construction, the minority-carrier 

15 electrons in the P-well 21 are rapidly released through the 
Schottky junction portion with the source electrode 33 . That 
is, the Schottky portion has the same actions as those by 

the N + -type region shown in FIGS. 2A and 2B to thereby rapidly 
remove the minority-carrier electrons, thus achieving the 
20 same effects as those mentioned above. 

[0031] The N + -type region 41 may be an N-type region as 
far as an ohmic contact can be obtained with the source 
electrode 33 in terms of impurity concentration and also, 
the contact portion 40 of the P-well 21 with the source 
25 electrode 33 having a configuration that one pair of a 

P + -type region and an N+-type (or N-type) region or P-type 
region are formed functions as a minority-carrier take-in 



structure of the invention. 

[0032] Although one embodiment of the invention has been 
described, the invention is applicable also to other 
embodiments. For example, although the above-mentioned 
embodiment has employed a vertical-type double-diffusion 
MOSFET, the present invention is applicable also to a 
horizontal-type double-diffusion MOSFET and not limited to 
double-diffusion MOSFET even also to a CMOSFET with the same 
construction. Further, although an N-channel type MOSFET 
has been exemplified, the invention is applicable also to 
a P-channel type MOSFET. In this case, for example, an N + 
region and a P + region may be arrayed alternately in an N-well 
or a plurality of N" regions is evenly spaced to provide a 
Schottky junction portion. In the Schottky junction portion 
in such a case, some of the electrode materials for the source 
electrode 3 3 may be made of Titanium (Ti) or Molybdenum (Mo) 
in place of Aluminum (Al). 

[0033] Also, the impurity-diffused regions which make up 
the contact portion need not be formed concentrically but 
may be formed in a straight stripe or any other appropriate 
shape. For example, when the P-well is formed in a stripe 
shape and source regions are also formed in a stripe shape 
therein, preferably the contact portion is formed in a stripe 
shape correspondingly . 

[0034] Further, although the above-mentioned embodiment 
has exemplified such a semiconductor device that has one 
MOSFET, the invention is applicable also to such a 



semiconductor device that has a plurality of MOSFETs or that 
a functional element other than a MOSFET on the same 
semiconductor substrate . 

INDUSTRIAL APPLICATION 

[0035] By the present invention, it is possible to obtain 
a MOSFET which has a fast switching speed and a high breakdown 
resistance amount (withstanding voltage) and effectively 
use it in, for example, a power source IC, a motor driver, 
or a solenoid drive in a DVD apparatus, a portable audio 
apparatus, a switching power source, and the like. 



